Introduction
With an incidence of 27 per 100 000, osteochondral lesions (OCD) of the talus are frequent pathologies of the ankle joint. They occur in 61% to 70% of rotational ankle sprains, leading to the conclusion that trauma is most often the reason for those OCDs. 23, 36, 51, 56 Most frequently, their location is described as the middle third of the medial or lateral talar dome, but also the anterior or posterior third may be affected. 5, 8, 28, 56, 62 As talar OCDs have a strong influence on the quality of life of patients, 5 successful treatment is important. Meanwhile, ankle arthroscopy has been defined as the gold standard for visualization, and treatment of talar OCDs is performed most frequently with debridement of the lesion and bone marrow stimulation by microfracture.
procedure. To minimize anatomical hindrances during ankle arthroscopy, several work-arounds have been described, namely, different portal placement, 15, 27, 33, 42, 46 invasive or noninvasive distraction, 6, 29, 44, 55, 58 and maximal joint flexion or extension. 24, 47 Ankle arthroscopy is performed primarily via anterior portals, though in cases in which the anterior approach is not sufficient, lesions may be addressed through posterior portals. 10, 15, 31, 41, 53 However, these posterior portals are associated with complications, 4, 33, 61 because important anatomical structures, that is, the posterior tibial vessels and the tibial nerve, are in proximity to the medial portal. 1, 22, 26, 27, 33, 41, 42, 46 Additionally, there seems to be no clear consensus on when to approach defects through an anterior or through a posterior approach. 15, 16, 35, 50 Apart from joint distraction to maximize space in the joint cavity, moving the talar dome from underneath the tibial plafond is a recently emphasized method to improve accessibility of the cartilage in talar OCD. This has already been shown for anterior arthroscopy in combination with maximal plantarflexion 24, 54 and suggested for posterior arthroscopy in combination with maximal dorsiflexion. 26 The purpose of this study was to show the advantage of maximal dorsiflexion of the ankle joint with respect to the accessibility of the talar dome compared to neutral position or noninvasive distraction of the ankle joint. The hypothesis of this study was that maximal dorsiflexion would allow for greater accessibility of the talar dome compared to neutral position or noninvasive distraction of the joint.
Methods
Twenty matched pairs (n=40) of fresh-frozen anatomic ankle specimens were used for this study. The specimens originated from voluntary body donations to the Department of Anatomy. Approval from the institutional ethical review board of the Medical University of Vienna was obtained (No. 2266/2017).
Available specimens were included in this study if they were of sufficient soft tissue quality, free of evidence of previous surgery or trauma as well as signs of vascular or neural problems in the ankle region and showed minimal to no osteoarthritis of the joint. The specimens were stored at −20°C and thawed at 4°C for 48 hours.
The specimens were divided randomly into 2 groups (group 1: neutral position and maximal dorsiflexion; group 2: noninvasive distraction). This grouping was important to minimize measuring bias due to slackening of stabilizing structures during the joint manipulations. Prior to the arthroscopic procedure, passive range of motion was evaluated and documented. Manual tests (anterior drawer stress and lateral tilt) were performed to investigate the ligamentous status of each specimen.
Arthroscopic Procedure
The specimens were mounted in a customized vice for arthroscopic procedures, which was similar to devices used in recent literature. 9, 24, 59 The serrated jaws of the vice prevented unintended movement of the specimens during manipulation and distraction. Posterior arthroscopy of the ankle was performed through a modification of the standard posteromedial (instrumentation) and posterolateral (arthroscope) portals 53 using a 4-mm 30-degree scope. The posterolateral portal was located 5 mm proximal to the tip of the lateral malleolus and just lateral to the calcaneal tendon. The posteromedial portal was located just medial to the calcaneal tendon at the same level of the posterolateral portal. Placement of the portals was standardized throughout all specimens. All arthroscopic procedures were performed by the same experienced orthopedic surgeon who completed a foot and ankle fellowship.
Accessibility of the talar dome was tested using a standard concave pick with a 90-degree tip. Neutral position and maximal dorsiflexion were performed by an operative assistant, and distraction was performed using a noninvasive arthroscopic Ankle Distraction Strap (Arthrex, Naples, FL). The average force applied was approximately 115 N as documented by van Dijk et al 55 ( Figure 1 ). As a first step, a diagnostic inspection for pathology (ligamentous integrity, absence of severe osteoarthritic changes) of the ankle joint was performed. Only after confirmation of the absence of any intra-articular exclusion criteria, accessibility of the talar dome was determined in each group by using the chondral pick. The most anterior position in neutral position, dorsiflexion, and noninvasive distraction was marked.
Specimens
The paired specimens (n=40) originated from 24 male and 16 female donors. Their age distribution showed a mean of 79.7 ± 10.5 years (60-98 years). They were distributed equally among the 2 groups. Ligamentous stability was ascertained in all specimens. Anterior drawer stress and lateral tilt were negative in each joint. Passive range of motion was 7.6±7.2 (0-20) dorsiflexion and 37.1±8.5 plantarflexion. During the diagnostic arthroscopy, no pathologies were detected in 9 specimens. In the remaining specimens some degenerative changes were present; however, they did not influence the intended procedure: synovitis (n=21), slight degenerative changes (n=2), small dorsal osteophyte (n=3), os trigonum (n=4).
Evaluation
Dissection of the ankle joint was performed after completion of the arthroscopic procedure. First, the posterior capsule of the joint was opened and the position of the posterior rim of the tibia in neutral position was marked with a lateral-and a medial-positioned guide wire. Afterwards, the talus was extracted.
The following parameters were measured similar to the evaluation of Hirtler All measurements were documented for each specimen and standardized photographs from the superior, medial, and lateral positions were taken.
In the lateral and medial photos, measurements similar to those described by Magerkurth et al 30 and van Bergen et al 50 were performed. These measurements have the advantage to be applicable to preoperative planning of the operative procedure:
A circle was fitted to the contour of the talar dome, its center providing an imaginary center of rotation of the ankle joint. The α-angle was defined as the angle subtended by the arc between the posterior extent of the talar articular surface and the respective marker (maximal reach in neutral position, dorsiflexion, or noninvasive distraction). The β-angle was defined as the angle subtended by the arc between the anterior extent of the talus articular surface and the posterior extent of the talar articular surface. The accessible area (%) of the talar dome was calculated by dividing α (indicating the posterior area) by β (indicating the complete talar dome) ( Figure 2 ).
Statistics
The statistical analysis was performed with IBM SPSS Statistics 24.0 for Mac OS. Mean, standard deviation, and range were calculated for every metric variable. Using the Kolmogorov-Smirnov test and visual evaluation by Gaussian distribution curve over the histogram of the respective data, normal distribution was tested. Through a nonsignificant Levene test, homogeneity of variances was ensured. By Pearson correlation coefficient, the correlations for metric data were tested. In data without normal distribution, the Spearman rank correlation coefficient was used instead. A Student t test was used for normally distributed metric variables. In data without normal distribution, the Mann-Whitney U test was used instead. For categorical variables, the chi-square test was used. In comparison between the 3 groups, an analysis of variances (ANOVA) was performed with a post hoc test (Tukey if variance homogeneity was proven, Games-Howell if not). A P value <.05 was considered as statistically significant, and it was corrected by Bonferroni correction in multiple testing.
Results
Descriptive results of the measurements can be found in Tables 1 (direct measurements) ). Comparing the results showed significant differences between the 3 groups on the medial and on the lateral talar dome looking at the distance from the posterior border of the talar dome to the anteriormost chondral pick (medial P = .026, lateral P = .003), at the α-angle (medial P = .027, lateral P = .001), and at the accessible area (medial P = .022, lateral P = .001) (Figures 3 and 4) . On the medial side, the difference was limited to a significantly better result of both maximal dorsiflexion and noninvasive distraction (1) compared to neutral position for the distance to the marker (P = .020), the α-angle (P = .020), and the accessibility (P = .016). On the lateral side, the difference was significant comparing maximal dorsiflexion to neutral position as well as to noninvasive distraction for the distance to the marker (P = .002 and .046), the α-angle (P = .001 and .007), and the accessibility (P = .001 and .007) ( Fig. 3 and 4) . Dorsal range of motion as well as age showed no correlation with the accessibility of the talar dome (P > .05). Summarizing, maximal dorsiflexion (42.6%±2.6%) allowed a significantly larger accessible area compared to noninvasive distraction (30.9%±2.3%) on the lateral talar dome, whereas on the medial side there was no significant difference between maximal dorsiflexion (41.2%±2.1%) and noninvasive distraction (34.9%±3.1%). The accessibility of the talar dome in neutral position was always significantly less (lateral 28.4±2.4, medial 30.4±2.3) compared to maximal dorsiflexion (see Table 2 ).
Discussion
Our results show that noninvasive distraction in posterior ankle arthroscopy was not necessary to improve accessibility of the talar dome. Placing the ankle in maximal dorsiflexion was sufficient to reach approximately 40% of the talar cartilage for treatment of OCD through standard posteromedial (arthroscope) and posterolateral (instrumentation) portals in anatomical specimens. Specific literature concerning talar OCD addressed solely through posterior arthroscopic portals is scarce. Information may be found on the extent of the talar dome being visualized by a posterior approach, ranging between 52% and 54% (see Table 3 ). 22, 41 Recently, studies began to investigate the accessibility of the talar cartilage with the objective of reliable preoperative planning for talar OCD. Mainly, these studies evaluated operative reach through standard anterior portals (anteromedial and anterolateral) in ankle arthroscopy and compared different means of improving the procedure through maximal plantarflexion, 24, 47, 49, 50 moving the talar dome from under the distal tibial articular surface, and distraction of the joint, 2,24 either wire-based, that is, invasive, or noninvasive. Here, van Bergen and van Dijk et al 47, 49, 50 were able to show the advantage of preoperative planning of the procedure by performing computed tomography (CT) of the ankle joint in maximal plantarflexion in combination with a possible reach of 47.8%±5.6% laterally and 48.2%±6.7% medially in this joint position. Hirtler and Schuh 24 reported access to 45%±11% of the lateral and to 49%±8% of the medial talar dome performing maximal plantarflexion and 37%±13% of the lateral and 44%±10% of the medial talar dome using noninvasive distraction.
The study of Magerkurth et al 30 started the discussion of different ankle positions for better accessibility, as the amount of uncovered cartilage of the talar dome is around 15.8% 30 and can rise to around 48% to 68% in maximal plantarflexion 24, 35, 50 and to around 42% (in this study) to 49% in maximal dorsiflexion. 35 The morphometric evaluation of the talus was similar to Magerkurth et al, 30 comparing the width of the distal tibial articular surface (34±3.6mm) and the amount of talar coverage (88±6.7 degrees). However, one has to keep in mind that those measurements were performed in radiographs, leading to a slight variability in direct measurements of a specimen.
Recently, Barg and Phisitkul et al 2, 35 addressed the accessibility of the talar dome from both anterior and posterior approaches in noninvasive table-based distraction and invasive distraction as well as in different positions of the ankle joint. Barg et al 2 were able to show an anterior accessibility of the talar cartilage with invasive distraction of 61.5%±15.2% and with noninvasive distraction of 57.8%±17.2%. Their posterior accessibility with invasive distraction was 56.4%±20.0% and with noninvasive distraction 39.8%±14.9%. Their noninvasive distraction technique was-contrary to the technique performed in this study-table based, and their invasive distraction involved a tensioned wire drilled transversely through the calcaneal tuberosity combined with longitudinal distraction. The results of the present study (30.9%±2.3% lateral and 34.9%±3.1% medial) using solely noninvasive distraction, posterior arthroscopy, focusing primarily at the access to the medial and lateral shoulders of the talar dome, are at least partially comparable to the results by Barg et al. 2 Their reported posterior access to the talar dome is significantly larger than in the present study. This may be caused by the higher age of the donors in this study as our mean age was 79.7±10.5 years (60-98 years). Although no significant correlation between age and accessibility was shown in this study, this reflects a relative homogenous sample. Compared to the younger age of donors used by Barg et al 2 (54.0 ±9.5 years, 38-63 years), this significant difference may nonetheless play a major role in interpreting the presented results. 20 However, the number of specimens in the present study is more than twice as many, which would help minimize statistical bias, and additionally the results of these 2 studies may be difficult to compare because in their study, apart from one sagittal length of the talus and the total talar area, no information was given concerning the shape of the talar dome, its anterior or posterior width, or the coverage by the distal tibial articular surface.
Phisitkul et al 35 reported the overall access to the talar dome through anterior portals in neutral position (44.8%), 30 degrees plantarflexion (63.0%), maximal plantarflexion (67.5%), and through posterior portals in neutral position (50.3%) and maximal dorsiflexion (49.3%). Overall, they showed a significantly lower overall accessibility in posterior arthroscopy (49.8%) than in anterior arthroscopy (58.5%). In the present study, access was shown in neutral position to be 28.4%±2.4% (6.6%-51.6%) laterally and 30.4%±2.3% (13.6%-55.0%) medially, and in maximal dorsiflexion 42.6%±2.6% (24.9%-64.7%) laterally and 41.2%±2.1% (27.8%-57.5%) medially, results again being significantly smaller in comparison. Additionally, Phisitkul et al 35 showed an increase of accessibility of the talar dome using noninvasive distraction for both the anterior and the posterior approach. Here however, one has to take 2 points into consideration when comparing to the results presented in this paper: (1) Using a distraction strap, the ankle joint automatically moves into plantarflexion, rotating the talar dome away from view in posterior arthroscopy. (2) Distraction was performed after the evaluation of plantarflexion and dorsiflexion first in anterior arthroscopy and second in posterior arthroscopy. Looking at the mean amount of distraction during anterior (3.1±1.4mm) and posterior arthroscopy (5.4±0.8mm) the question arises,whether this noninvasive distraction may have influenced the soft tissues by the slackening during the procedures.
While the tensioning effect of maximal plantarflexion on the anterior joint capsule similar to distraction has been discussed, 6 and a possible shift of portals placed in neutral position has been mentioned, 35 this study was able to show the positive effect of maximal dorsiflexion of the ankle in maximizing the reach to the talar dome. Although noninvasive distraction may improve accessibility in posterior arthroscopy 2, 35 and even wire-based invasive distraction may have its place in specific cases, 2,32,57,58,63 one should nonetheless take all possible means to minimize complication rate, which has been shown to be higher in procedures using invasive or noninvasive distraction. 3, 7, 11, 12, 14, 17, 18, 21, 25, 29, 39, 43, 45, 52, 54, 55, 58 Though most talar OCDs may be addressed though anterior arthroscopy, there can arise situations in which the location of the specific OCD may warrant a posterior approach. As the majority of OCDs treated by arthroscopic approaches commonly do not exceed 1 cm 2 , 19,38,60 the authors feel certain that the results shown in this study are clinically significant as the information presented may affect preoperative planning and the arthroscopic treatment of some talar lesions. Through a posterior approach, at least 40% of the posterior talar dome may be reached as shown in this study and by others. 2, 22, 41 Here, age and range of motion do not play such a large role in assessing accessibility. This is contrary to the anterior approach, where the anatomical morphology of the talar dome leads to a larger accessible area, especially on the lateral side. Particularly in younger patients with a better range of motion, the accessibility using anterior portals may be sufficient to also reach defects located more posterior, as the reported mean accessibility ranges from 45% to 60%. 24, 35, 50 Maximal dorsiflexion showed the best accessibility compared to neutral position of the ankle, in which most of the talar dome is covered by the distal tibial articular facet, and also to noninvasive distraction, especially as the distraction strap automatically leads to plantarflexion of the joint which additionally moves parts of the talar dome away from the view of the surgeon. Using noninvasive distraction in ankle arthroscopy therefore did not improve accessibility to the talar dome but could also be associated with a higher risk of neurovascular complications. 7, 17, 18, 21, 29, 45, 55 Limitations Some disadvantages in the use of anatomical specimens have to be mentioned, which may have an effect on the interpretation of the results of this study. The age of the donors is in general higher than the average age of OCD patients, and their joints may have been altered by degeneration. Therefore, strict exclusion criteria were defined to minimize this component and only joints with minimal damage were included. Additionally, studies have shown that specimen population age influences the amount of motion possible in a joint. 20, 40 A correlation of age and range of motion however was not shown in this study due to the homogenous age-distribution in the sample. The lack of physiological muscle tone and the decreasing tension of stabilizing ligaments and surrounding soft tissue, the type of specimens in addition to the freezing and thawing of the specimens may have led to higher results in talar dome accessibility than possible in vivo. 34, 37 Finally, as posterior portals in ankle arthroscopy are anatomically challenging per se and all procedures in this study were performed by a highly specialized orthopedic surgeon, the results may not be reproducible in the generalized orthopedic community.
Conclusion
Accessibility of the talar dome in maximal dorsiflexion was superior to neutral position or noninvasive distraction in cadaveric specimens with posterior ankle arthroscopy. Based on the results of this study, preoperative planning may be improved in patients with lesions of the talus.
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